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Dr. Linda Lee Lamwers 
INTRODUCTION
Aquaculture, the cultivation of aquatic plants and animals under controlled conditions, is becoming increasingly important as a method of food production in the United States today. Farmers are attracted to fish culrure because of the high yields possible and the chance to utilize areas unsuitable for traditional crops. Rapid growth in the U.S. catfish and trout farming industries has occurred during the last 20 years, particularly in the Southeast and Pacific Northwest. A recent study in Mississippi indicated that catfish provided the highest financial return per hectare of any agricultural crop in the state (1) . Ongoing research and extension programs in this area have contributed substantially to this development.
In the Midwest, the concept of raising fish for food is relatively new (2) . Natural lakes in Minnesota have traditionally provided excellent sport fishing opportunities; consequently, the culrure of fish in private ponds has received little attention. Climatic conditions such as short growing season, cool water· temperatures and severe winters have also deterred aquacultural development in the state (3) .
Yet a great need exists to increase the production of food fish for both home and commercial use. According to Minnesota Department of Natural Resources (DNR) statistics, most of the state's S,CXXl,CXXl kg annual commercial fish catch is considered "rough fish" (e.g. carp and bullheads) and is shipped out of state (Floyd Hennagir, personal communication) . Virtually all of the commercial fish products consumed in the state must be imported. Nationally, fish products constirute the second largest U.S. import in dollars, behind petroleum products (1) . With a decline in natural stocks and commercial fisheries because of factors such as overfishing and pollution, there is a increasing need to look for new sources of fishery products.
Minnesota's vast water resources provide great potential for aquacultural development. However, the biological, technical and economic aspects of fish farming must be srudied and evaluated before fish farming can become widely practiced in the state.
This paper describes a fish farming research and extention program conducted from 1979 to 1982 through Wright County Community Action of Waverly, Minnesota. Project objectives
• Aquaculture Development Project, Wright County Community Action, Waverly, Minn.
Journal of, Vdume Forty-nine, No. 1, 1983/84 were to assist Cc;:mers with stocking and raising fish in farm ponds, to rnunitor fish growth and yields, and to evaluate different management techniques for family and commercial use in the state.
MATERIALS AND METHODS
Fish stocking and management. Fish were stocked into 57 privately owned farm ponds located in seven counties in central Minnesota during the three year project. Srudy ponds ranged in size from 0.02 to 2.0 ha (X. = 0.12 ha), and in depth from 0.6 to 5.4 m (x = 1.8 m). Ponds were sampled prior to stocking to determine the presence of wild fish; ponds found to contain wild fish (excluding minnows) were not used in the srudy. · Six species of fish were stocked into srudy ponds. Channel catfish (lctalurus punctatus), largemouth bass (Micropterus salmoides), yellow bullheads (I. natalis) and rainbow trout (Salmo gairdneri) fingerlings were purchased from private hatcheries in Minnesota, Iowa and Wisconsin. Srunted bluegill sunfish
(Lepomis macrochirus) and black crappie (Pomixis nigromaculatu.s)
were obtained with traps and seines from overcrowded public lakes in the Wright County area under a special research permit from the DNR. Some ponds were stocked with only one species of fish (monoculrure), while in other ponds two or more species were stocked (polyculrure).
Pond management guidelines were formulated by pond owners and project staff. Warm-water fish species (catfish, bluegill, bass, crappie and bullhead) were stocked into standing water ponds at densities ranging from 16 to 600 fish per hectare. In several ponds catfish and bluegills were raised in floating cages one cubic meter in size. Stocking densities ranged from 80 to 240 bluegills or 200 to 1CXXl catfish per cage. The cold-water species, trout, was stocked into ponds with a constant flow of water from a spring or well. Trout stocking densities were based on the volume of water flow, ranging from 1 to 4 fish/ liters per second. Fish stocked at higher densities received a pelleted catfish or trout ration, while supplemental feeds were not used at low stocking densities (Table 1 ). The amount of feed used was 3 percent of the estimated total weight of fish in the pond. Pond owners and project staff recorded the number and weight of fish at stocking and harvest, weekly water temperatures and dissolved oxygen levels, weight of feed used, and amount of time and money spent on pond management. These data were used to analyze and evaluate the various production methods tested.
Fish haroests and yields. Warm-water fish were stocked in May and June and harvested between September and November. Except where aerators were used to prevent winterkill, total fish harvests were attempted after one growing season in warm-water ponds. In cold-water ponds trout were stocked in the spring or fall. Selective harvesting, removing only fish larger than a given size, began after three months and continued throughout the following year.
Fish were h arvested with seines, hoop nets, trap nets, gill nets, lift nets, set lines, and hook and line. The efficiencies of different harvest methods were compared based on yields in ponds where total harvests were attempted after one season. Yields from ponds with low survival due to factors cited in the discussion have not been included in the analysis of h arvest efficiency.
The results presented for fish growth and yields represent an average of production values from all ponds after a single growing season. The figures on trout growth are based on the average weight of fish sampled after one season, even though not all fish were h arvested at that time. Bass and bullhead have been excluded from this analysis since a very limited number of trials were conducted with these species, and bass were not harvested until after a second growing season. A complete tabulation of yields for all ponds is presented in the project's final report (4) .
Production costs. Production costs for catfish, bluegills and trout were calculated based on average costs and yields obtained from ponds where 50 percent or more of the fish were recovered at harvest. Crappies are excluded from this analysis because of low recovery rates at harvest. Documented costs included the price and delivery ch arge for fingerlings and feed, fee for a private fish hatchery license, rental charges for equipment based o n cooperative use through a fi sh farmers association, electrical costs to run pumps and aerators, and labor costs for managing and harvesting fish ponds. Comparison of live weight and dressed weight of fish is based on a dress-out percentage of 75% for trout and 60% for catfish.
RESULTS AND DISCUSSION
Growth and yields. Good fish growth and survival were observed for single season production in ponds as small as 0.04 ha averaging 0.9 m or more in depth. Trout and catfish demonstrated the best growth, with a 483 percent and 280 percent Bluegill increase in weight, respectively, after one growing season (Table  2) . Catfish and trout growth rates were higher with supplemental feeding than without feeding. Conversely, the growth rates for bluegills and crappies were higher without feeding (Figure 1 ). These differences could reflect the different species ability to adapt to supplemental feeds. The hatchery-reared species, catfish and trout, were accustomed to supplemental feeds and readily accepted the pellets, while the fish obtained from the wild, bluegills and crappies, did not. These differences could also be attributed to h atchery selection for desirable characteristics (5) .
T otal yields of fish were generall y higher in ponds with supplemental feeding than without feeding, and higher in polyculture than monoculture (Table 3) .· Higher yields reflect not only growth rates, but also higher stocking densities used in ponds with feeding and polyculture. Rainbow trout produced the highest yields (880 kg/ ha). High trout stocking densities were possible with the constant supply of fresh wa ter in these ponds. Since trout were not completely harvested at one time, total production was much higher than observed yields. The highest yields among warm water species were obtained with bluegills (119 kg/ ha) in ponds without feeding, and catfish (254 kg/ ha) in ponds with feeding.
While these yields are encouraging in Minnesota , where little work has been done with pond fish culture, they appea r low when compared to production on commercial fish farms in the So uth, where yields over 1500 kg/ ha are common (5, 6) . Lower yields in Minnesota can be attributed to a shorter growing season resulting in smaller fish at harvest. Also , overall recovery of fish was poor; harvests averaged less than 50% of the number of fi sh stocked.
Poor fish survival was one cause of low recovery at harvest. Improper pond construction or poor management reduced fish survival through 1) flooding, which allowed fish to escape, 2) predation or competition from wild fish, 3) disease, or 4) summer-kill or winter-ki ll from low oxygen levels.
Low recovery also resulted from the use of inefficient harvesting techniques. Most study ponds had not been designed for Table 2 . Individual weights of fish at stocking and harvest after one growing season (3-5 months) The Minnesota Academy of Science .
fish farming and were therefore difficult to harvest. The use of drainable ponds could h ave facilitated and improved fish recovery (7 ,8) .
The effi ciency of the harvest met hods tested v<~ri ed wi th species (Figure 2 ) a nd pond designs. Sein ing was effecti ve for <i ll species in ponds that h <1d a smooth botto m a nd were not wider or deeper th <l n the seine (4 m b y 33 m). Fish tr<~ps <1 nd nets were used in ponds when seining proved ineffecti ve. Bluegills <1nd cr<~ppies were c<~ptured with hoop nets <~nd trap nets. C<itfish could not be captured with hoop nets, trap nets , gill nets, o r lift nets. Some fish were caugh t with hook <1 nd line, but this could o n ly be considered <1 technique for s<~m pl i ng rather th <l n complete harvest.
H arvest efficiency was m axim ized with th e use of cages, each of which could be completely h arvested by two people in less th an o ne h our. G ood catfish growth and survival was observed in cages, and yields of 45 kg/m 3 were obtained in one growing season. Slower growth and higher mortality rates of b luegills were observed with yields averaging 11 kg/ m 3 • This appeared to result from aggressive territorial behavior of caged bluegills which prevented some fis h access to th e feed . Higher stocking densities in cages could h ave inhibited this behavior, as h as been demonstrated for catfish (9) .
Acceptability and profitability. Po nd owners con sidered the m ajority of k sh harvested after o ne seaso n to be of acceptable size for home consumptio n . H owever, most fish were too small for commercial sale, where the minimum desired size is 175 to 225 g for panfish (bluegills and crappies) and 225 to 335 g for catfish and trout (3) .
With few exceptio ns, owners evalua ted the fl avor and texture of pond-raised fish as good to excellent. Off-fl avors were noted in several cases wh ere fish were harvested from ponds with abund an t weed growth. When th is occurred owners postponed harvests for several weeks in to the fall or held the live fish in fresh flowing water for several d ays prior to cle<1 ning. Both tec h n iques were effective for removing off-fl avors fro m the fish fles h.
Trout was the most econo mical species cultured in this study (Table 4) . Lower production costs for trout were possible because of the lower price of fingerlings ( Figure 3 ) and better fish growth due to the lo nger growing season for cold water species. C urrent retail prices for trout range from $6.50 to $ 11.00/kg (d ressed weight). Prod uctio n costs for trout based o n a 10 mo nth growing season ra nged fro m $3 .00 to $8.00/ kg, dressed weight, ind icating a good potential for commercial cul ture of trout in Minnesota.
C urrent retail prices for crappies and catfish in Minnesota range from $6.50 to $ 13.00/ kg (dressed weigh t), depending on the season and availability. Retail prices for bluegill are not available. In the present study, the cost of producing catfish for h ome use was within the range of current retail prices, but commercial production costs were not. This indic1tes that farmers ca n economically raise warm-water fish for home consumptio n but not for commercial qale. 18 ( While trout <ippea rs to be most suited to commercial cu lture, several facto rs could restrict its widespread application in M innesota . There are a limited number of Site~ with cold flowing w <~ter <IV<~il <~bl e , and l-'roducno n costs would increase substanti;JII y if conswnt pumping of wa ter was required. Also, the rising cost of ingredients in the h igh protein feed required by trout m ay reduce profit ability in the future.
W arm-water fi sh culture could h ave wide applicatio n in Minncsow because of the m an y farm ponds and pond sites <~va i l a bl e. High production costs for warm-water species could be reduced in several ways: I) establ ishing local h atcheries to lower fin gerling costs, 2) using ponds designed for fish farming to enable efficient h arvest and higher yields, 3) raising fish for two years with winter aeratio n instead of o n e year to produce larger fish. H owever, further studies are n eeded to assess the costs and yields of a two-year product ion system.
CONCLUSIONS
Substannai d ifferences in fis h growth and yields were found amo ng ponds in this study ( Table 2 ). Since the project w <~s conducted under field conditio ns rather than controlled experimenta l cond itio ns, replicated trials were not possible. Locatio n, wmer qu <~lit y and m anagement varied between ponds. Therefore, the results of this study need to be further tested and refined before Figure 3 . Breakdown of production costs ($/kg, live weight) for different fish species in study ponds after a 3 to 5 month growing season for catfish and bluegills, and a 10 month growing season for trout.
definitive conclusio ns ca n be made. However, some general conclusio ns ca n be reached o n the results.
It appears that harvestable-size catfish, bluegills and trout can be produced in a single growing season in Minnesota when large fingerlings (25 to 75 g) are stocked in earl y spring. Raising fish to marketable size, however, would require a second growing season. Average yields ranged from 18 to 356 kg/ ha in warmwater po nds and 114 to 880 kg/ha in cold-water po nds. Poor fish survival and inefficiency of harvest methods were two facto rs contributing to low yields. These findings indicate the importance of proper site selection and pond design in the success of an aquaculture operation. Although many oppo rtunities in fish farming have been identified in the present study, a great deal of work remains to establish sound fish culture practices in Minnesota. Key areas needing further study include fingerling production, aeration, renovatio n of existing po nds fo r fish culture use, selectio n of fish types best suited to Minnesota conditio ns, and marketing consideratio ns. The advantages of an increasing use of aquaculture in Minnesota include greater opportunities for small farm di versification, higher returns to landowners fro m presently underutilized acreage, and a deepening awareness of the benefits associated with the state's valuable wetland areas. b Based on a 10 month growing season. c The cost of production for "home use" does not include the cost of labor, while commercial production costs include a charge for labor.
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INTRODUCTION
During the fi rst few years of a soil survey, the properties of many soils are described and measured on samples from the modal sites to provide a basis for the mapping-unit legend to be used in the survey area . In Kandiyohi county (Fig. 1) , a detailed study of the stratigraphy and range of characteristics of glacial till was incorporated into th is investigative part of the survey to determi ne if major geomorphic areas consisted of o ne homogeneous glacial ti ll , as existing literatu re suggested, or if there were contrasting tills within these geomorphic areas.
The lowest lying (elevation ""' 1100 feet) geomorphic area in this study was the O livia till plain (Fig. 2) formed by the Des Moines Lobe advance during the Wisconsin Age (1) . This till plain is nearly level to gentl y undulating; local relief is commonly 2 to 8 feet . The next higher ( = 1200 feet) geomorphic area in this study was the Alexandria Moraine Complex (Fig. 2) , formed by an advance of the Wadena Lobe during the Wisconsin Age (2, 3, 4) . This terminal moraine is typically rolling to steep with a local relief of 10 to 40 feet. The h ighest lying ( ""' 1250 feet) geomorphic area is a part of the Alexandria Moraine Complex (Fig. 2) . It is gently und•Jlating to hilly with local relief of 5 to 25 feet. Its mode of formation is not clearly understood . Evidence suggests this glacial till is much older than the Wisconsin Age. Deep borings suggest this till was buried and later thrust to the surface by Wisconsin Age ice advance (5) . This till is proposed as the "Kandiyohi" till. When characterizing soils, the most commonly-used measures are: a) Particle-size Distribution (6), b) Organic C arbon, c) pH (6) , d) C alcium C arbonate Equivalent, e) Bulk Density (6), f)
METHODS AND MATERIALS
Coarse-fragment A nalysis, and g) Engineering T ests. (8) .
Particle-size distribution , bulk density , course-fragment an alysis, and engineering tests provided the best indication of differences between the glacial tills in Kandiyohi county and are discussed in this paper.
• U.S. Dept The engineering tests can be grouped into three general categories: (1) Consistency T ests and Indices (Liquid Limit and Plasticity Index), (2) Moisture-Density T ests (Maximum Density and Optimum Moisture Content), and (3) Engineering C lassifica tion (AASHTO C lass, Group Index, and Unified C lass) ( Table 1) .
The consistency tests correlate to the particle-size distribution
'-1
• Spicer
).. During road and other constructio n projects it is best for the soil materi al to be compacted to a maximum to develop the best engineering properties of the materi al. The optimum moisture content in Table 1 represents the proper moisture content at which the maximum density can be achieved with construction equipment.
The engineering community has developed classificatio n systems for soil materials relative to their construction quality. The American Associatio n of State Highway and Transportation Officials (AASHTO) developed a system of soil classification based upon the observed field perfo rmance of soils under highway pavements. Under this system , soils with similar load-carrying capacities are grouped together, with the A -1 class rating best and A -7 the poorest.
The Group Index is a fun ction of the liquid limit, the plasticity index , and the amount of material passing a number 200 sieve (8) . A group index of zero indicates a good subgrade material and an index above 20 indicates a poor subgrade material.
The Unified Classification is another system developed for soil materials. This system is based o n plasticity -compressibility characteristics for those soils where silts and clays nffect the behavior (8) . 8
The samples an alyzed from the three glacial tills in Kandiyoh i county were collected from sites widely distributed within each of the geomorphic areas (Fig. 2) to provide a range in characteristics. The characterization an alyses were done by the Soil Survey Laboratory, Minnesota Agricultural Experiment Station, St. Paul, Minnesota. The engineering tests were performed by the Minnesota Department of Transportatio n, St. Paul, Minnesota.
GEOGRAPHIC AREAS
Olivia Till Plain.,. The Des Moines Lobe till in th is geomorphic area is characterized by a fine-loamy particle size (Fig. 3) , friable consistency, and appreciable amounts of platy Cretaceous shale fragments. An average of 10 till samples shows the texture to be loam with about 40 percent sand, 36 percent silt, and 24 percent clay (Fig. 3) . The bulk density of oven-dry samples above a depth of 60 inches ranged from 1.3 to 1.5 g/ cc. Engineering test results are summarized in T able 1.
These data indicate an intermedi ate engineering quality compared to the A lexandria moraine till and the Kandiyohi till. The real value of these data, in this study, is in observing the separatio n of the three tills.
Engineering properties, and therefore the interpretations applied to soils, are in many cases used to define soil series. The soils developed o n these glacial tills behave differently and have the accompanying different interpretations for agricultural drainage, septic tank adsorption fields, crop suitability, building site development, and other components of Soil Survey Reports. (Wadena Till) . The Wadena Lobe till in this geomorphic area has a coarse-loamy particle size (Fig.  3 ). The till is friable to very fri able and has very few (if any) fragments of Cretaceous shale. An analysis of 10 till samples shows the texture to be fine sandy loam with about 59 percent sand, 28 percent silt, and 13 percent clay (Fig. 3) . The oven-dry bulk densities above a depth of 60 inches ranged from 1.5 to 1. 7 glee. Engineering test data indicate that these soils are rather well suited for use as construction material (Table 1) . One unusual feature of this till is that it has relict mottles in a random and unpredictable pattern that do not reflect a present-day moisture regime. 
Alexandria Moraine Camplex
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Alexandria Moraine Complex (Kandiyohi Till). The Kandiyohi till
is characterized by a fine-clayey particle size (Fig. 3 ). The consistency is firm to very firm, and there are appreciable amounts of fine rounded Cretaceous shale fragments. An analysis of 10 till samples shows the average texture to be clay loam with about 24 percent sand, 39 percent silt, and 37 percent clay (Fig. 3 ). Oven-dry bulk densities from samples above 60 inches ranged from 1. 7 to 2.0 g/ cc. Engineering test data indicate that this material is very poor for use as a construction material ( Table 1) . The high clay content and high bulk densities make this a very difficult material to work with.
DISCUSSION ·
Tills and Kindred Soils. In a soil survey report, individual soils are separated by mapping different soil series to allow for differing interpretations for use and management. Because the inherent physical properties of each till unit are different, it was necessary to identify and map a separate catena of soil series for each glacial till. Most of the soils formed in the Des Moines Lobe till have a fine-loamy particle size. These soils are in the Swanlake, Yes, Lester, Nicollet, Normania, Canisteo and Webster series. Most of the soils formed in Wadena Lobe till have a coarse-loamy particle size. These soils are in the Sunburg, Wadenil, Koronis and Grovecity series. In the Kandiyohi till, most of the soils have a fine particle size. These soils are in the Arkton, Guckeen, Kilkenny, Marna and Brownton series. Soil science and soil survey mapping are closely related to geomorphology and geology. To better understand variations in soil series, one must understand their differences in geological formation. However, it is not within the scope of, nor intent of, this report to present the complete geomorphology of these tills. The authors have identified and characterized differences in the nature and properties of the three major glacial till bodies in Kandiyohi County, based on Soil Survey information and engineering test data. Many questions still exist as to the Journal of, Vdume Forty-nine, No . I, 1983/84 stratigraphic relationship of these three tills. Is the Kandiyohi till a "pre-Wisconsin" till? Was the Alexandria Moraine covered by ice from the Des Moines Lobe? These questions merit further study. Meanwhile, differentiation of "Kandiyohi" till is a significant step toward greater understanding of the geomorphology and geology of this part of the glaciated area of Minnesota. The Cedar Creek Natural History Area is a 2, 185 hectare research site in Anoka and Isanti Counties near East Bethel, Minnesota. It is especially valuable not only because of its proximity to the Twin Cities but also because it contains elements of prairie and boreal vegetation in addition to predominately eastern deciduous types. Cedar Creek has a variety of soil types, and important underground aquifer, and oak savannas maintained through controlled burning. The area serves both as a "living museum" and an important site for ongoing scientific rese'arch.
SPECIAL REPORT
A Progress Report of the
Dr. William H. Marshall, director of the Cedar Creek Natural
History Area from 196 1 to 1970, wrote two progress reports (Marshall, 1964 (Marshall, , 1968 for the Minnesota A cademy of Science. Although many aspects of the Cedar Creek program have changed little since Marshall's time, a number of developm~nts in recent years almost certainly will have lasting influences. The purpose of this report is to info rm Academy members and other interested persons of these activities.
Cedar Creek Advisory Committee
A ccording to Marshall (1968) The reorganization proved fruitful in many respects but it also had shortcomings. Departments often were tardy in appointing replacements, and meeting attendance was sluggish at best. In order to improve Academy attendance, form er A cademy Currently the Cedar Creek Advisory Committee has three primary members and three alternate members from the Academy. A frequen tl y voiced concern relating to membership is that state educational institutions, in addition to the University of Minnesota, be adequately represented o n the Cedar Creek Ad\·isory Committee. Th e Academy shou ld be cognizant of these concerns because o nly it can appoint such members under existing guidelines.
As 3. Research -Independent researcher, faculty member, undergraduate or graduate student from within or outside of the University of Minnesota studies a specific problem, which he/ she proposes well in advance to the Program Director, and carries out according to a plan approved by at least three members of the Advisory Committee. Research proposal forms are available at the Cedar Creek Laboratory or Field Biology Program office. 4 . Nature Trail -A designated Nature Trail is provided for public use, and those using it are required to stay within its boundaries. Map available at the Cedar Creek Laboratory on request. No permit required.
One of the chief responsibilities of the graduate student teaching assistant (T A) at Cedar Creek is to assist visiting individuals or groups. The T A often presents slide demonstrations and conducts tours in the field. Since it is not always possible to obtain a qualified T A, we are initiating an annual orientation workshop at the Laboratory. It is our hope that prospective group leaders will attend the workshop in order to qualify as guides in conducting their own tours.
Over the years our staff and students have willingly assisted many visiting groups. Since most visitors are intensely interested in the radio-telemetry program, our electronics personnel deserve special praise for their patience and assistance.
The only area on Cedar Creek available to the public without entry permit is the Nature Trail located near Fish Lake.
Jo urn al of, V, lume Fo rt y-nine, No. I, 1983/84 Inasmuch as Professor Marshall was instrumental in its planning and development, we think it highly appropriate to call it the "Marshall Nature Trail." Plans are underway to obtain official recognition for the naming of this trail and other trails ancl historic sites at Cedar Creek.
Land Acquisition
Most of Cedar Creek's 5300 acres (2185 hectares) were acquired through gift or purchase during the early days of its history when land was relatively obtainable and inexpensive. According to Marshall (1968) the last major purchases were made in 1967 for lands adjacent to Fish Lake, including a public nature trail. No further land acquisitions have been made since 1967, even though several40-to 80-acre plots would be desirable to fill out conspicuous indentations in Cedar Creek's Western edge.
Public sentiment and recent housing developments do not encourage extensive expansion of Cedar Creek beyond its borders. Considering the many acres that already buffer the area's most crucial habitats, we have noted little enthusiasm for additional acquisitions at current prices. Marshall and others had the keen foresight to obtain as much land as they did during a critical period of the area's development.
Experimental Ecological Reserves
One of the more important annual meetings for field station directors is the Organization of Biological Field Stations (OBFS) which began in 1968 at the Cedar Creek Natural History Area. The meeting is held each September at a different station, thus affording directors the opportunity to visit a variety of sites. A highlight of the meeting is a talk and discussion by representatives of the National Science Foundation (NSF) on federal funding of research at field stations.
At the September, 1971 OBFS meeting, NSF representatives stated emphatically that research funds earmarked for stations likely would be limited to those sites that could clearly demonstrate ongoing research coupled with strong institutional support; those showing only promise and unfulfilled potential would receive little funding. NSF then turned to The Institute of Ecology (TIE) for assistance in determining which of the many field sites qualified. From this beginning emerged the concept of a national network of Experimental Ecological Reserves (EER).
A study of the feasibility of a system of Experimental Ecological Reserves was supported by a grant from NSF's Biological Research Resources Program. Project meetings followed, and in time those sites wishing to enter the designation competition were asked to submit lengthy and detailed reports on all aspects of station activity, including past and current budgetary accountings. The Field Biology Program put forth its best effort in behalf of the University's Cedar Creek and Lake Itasca Forestry and Biological stations.
The peer reviews by TIE were thorough. Some of the toughest questions dealt with experimental manipulation of land within a natural area or park, such as Itasca State Park. The Itasca problem was quickly resolved when it was demonstrated that the state park already had developed a model plan that included five major classifications of land usage ranging from highly manipulative to untouchable sanctuary types. Although Cedar Creek had many sanctuary-type uplands and marshes as well as tracts being convened to a natural state, considerable areas were also being manipulated through controlled burning and farming. That research was an important component of Cedar Creek from the time of its inception was clearly demonstrable through its research record dating back to Ray Undeman's classic studies at Cedar Bog Lake.
classic studies at Cedar Bog Lake.
The site evaluation scheme used by TIE stressed (1) site quality, including representativeness, size, and control heterogeneity, and (2) research activities, including historical data, quality and intensity, publication record and staff capabilities. Also weighed heavily were logistics and support, including site integrity, laboratories and equipment, resident research staff, technical staff, accessibility and utilities, services, housing and amenities, and scientific interchange. Consideration was also given ancillary benefits, including training programs.
The complete TIE report on Experimental Ecological Reserves may be obtained from the Superintendent of Documents, U.S. Government Printing Office. With respect to the evaluations, a score of 70 percent or greater indicated that the site being considered met the criteria for designation as an EER. A score of less than 70 percent indicated that the site had good, some, or very limited potential. On the recommendation of TIE, 67 sites spanning the breadth of the nation were designated EERs in the initial network. Itasca scored very high because of its unique setting and habitats as well as its long history and institutional support. Cedar Creek scored somewhat lower, although still over 70 percent. Three additional Minnesota sites, Cutfoot, Marcell and Pike Bay Experimental Forests, scored under 70 percent but nevertheless were recognized for their high potential.
A number of potential benefits were anticipated from the EER network. The TIE report noted that a "a comprehensive EER network will provide an ecologically-sound framework within which to test scientific hypotheses and will offer the capability to examine environmental impacts in many ecosystems." The report also stated that "experimental studies and monitoring at EER sites will provide the baseline data for a framework within which each ecosystem's responses can be evaluated" and that "(an) enhanced data base and interaction of scientists using the site will be conducive to development of collaborative and integrated research efforts." According to the TIE report, "The EER network will guide the investment of limited financial resources in physical facilities and technical support skills and will encourage their effective use."
This last statement has special significance with respect to federal funding. The EER designation merely guides NSF in distributing its limited resources. It does not mean, as some thought it might that an EER is automatically targeted for federal support. The EER designation does give the site very good credentials.
Appointment Of Associate Director
The Field Biology Program was established in 1966 and incorporated not only the Cedar Creek Natural History Area but also the Biology Session at the University of Minnesota Forestry and Biological Station at Lake Itasca, Minnesota. Although there are many advantages in having the two field stations under one office, there are certain disadvantages, notably that the program director of the Field Biology Program cannot reside in two places at once. Since it is imperative that the program director be at the Itasca station during the busy summer training period, the Cedar Creek station is left without adequate supervision during its most important season.
In the fall of 1980, Dr. G. David Tilman of the Department of Ecology and Behavioral Biology was appointed Associate Director of the Cedar Creek Natural History Area. His duties include selecting and chairing an outside advisory panel and extending the computer-based system for managing data from the Judging by what transpires at the annual meeting of field station directors these days, probably no greater concern exists than that dealing with the management of field data. Record managing at m~st field stations is archaic; Cedar Creek is no exception. With incredible advancements in computers and recording devices in the past decade, there is hope that our new programs will speed the modernization of the system. Already one of our new programs described below under Long-Term Ecological Research is accumulating vast amounts of field data and storing them in University computer banks for safe keeping and convenient retrieval. An L TER is committed to good management of its data. Other investigators will be encouraged to manage their Cedar Creek data equally well.
Long Term Ecological Research
A sibling association of the EERs is the Long-Term Ecological Research (L TER) by the Division of Environmental Biology of NSF. The pilot program, which was first open to national competition in 1979, required that the following research efforts be addressed: (!) pattern and control of primary production; (2) spatial and temporal distribution of populations selected to represent trophic structure; (3) pattern and control of organic matter accumulation in surface layers and sediments; (4) patterns of inorganic inputs and movements of nutrients through soils, groundwater, and surface waters; (5) patterns and frequency of disturbance to the research site. Since L TER sites are considered regional and national facilities, they are committed to collaborative research with scientists from outside as well as within the home institution.
A cadre of scientists at the University of Minnesota entered the competition and chose Cedar Creek rather than Itasca as their home base. Cedar Creek had a variety of interesting soil types and its proximity to the Twin Cities campus provided many advantages. Moreover, former studies had provided valuable baseline data. Although ecosystem ecology was the mainspring of the L TER program and the University clearly lacked in ecosystem specialists, enough talent in ecology and related areas was available to win recognition with a revised second proposal.
In December 1981, Cedar Creek was designated an L TER--one of only 11 in the nation--and shortly thereafter awarded a five year, $1. teractions; (4) gopher removal; (5) deer removal; (6) insect removal; (7) fire. Of primary interest are the mechanisms whereby soil processes, interspecific plant competition, and herbivores influence the diversity and species competition of natural plant communities. L TER at Cedar Creek began in the spring of 1982 and was in full swing by summer of the same year. Field season site usage increased from about 10 full-time individuals to over 50 individuals. Among the participants were many undergraduate and graduate students chosen on a competitive basis from the University of Minnesota and other educational institutions. As it turned out, most of the undergraduate student employees for the 1982 season came from schools other than the University.
The L TER also gave Cedar Creek its first and long sought after Resident Ecologist. The position was advertised nationally and, following a critical review of several hundred applicants, Dr. Mark Stillwell from Ft. Collins, Colorado, was chosen for the position on a post-doctoral appointment. Dr. Stillwell's background and expertise in nitrogen cycles and ecosystem ecology adds a new dimension to Cedar Creek's research potential.
The 
Field Assistants For Summer Research In 1982
The L TER employed two Botany MS students and two under-graduate biology maJors and Morrow's NSF grant employed two undergraduate st udents full-time in 1982. In ad--dition, the Field Biology Program employed 8 undergraduate students as full-time field technicians to assist with va riou s aspects of the research proje cts li sted above. Additional field assistants were obtained through the Comprehensive Employment Training Act (CETA) program, which provided 10 3 /4-time students. The Youth Conservation Corps assisted with various aspects of the above research programs by providing a crew of 10 for two weeks.
In addition to a year-round staff, at least 10 faculty and visiting scientists, 5 post-doctoral researchers, 14 graduate st udents, an d 24 full-time summer field assistants will be working at Cedar Creek during the summer of 1983. The greatly increased numbers and facility use have challenged the ability of Cedar Creek to provide sc ientists and students with adequate laboratory, office and housing accommodations. Although suc h act ivity was hardly unpred ictable, it ha s been virtually impossible to obtain expanded fa cilities on promise of increased activity alone. Now that researc h is flouri shing at Cedar Creek, there is a strong, proven case for expanded facilities.
The building program of the 1970's a nd th at planned for the ea~l y 1980's are presented below.
Special Activities
The intent here is not to li st the many important projects carr ied on at Cedar Creek during the 1970's , but to mention severa l that will likely influence man y studies in the The Minnesota Academy of Science future. The following are listed chronologically with respect to completion dates, including some st udies that were initiated before 1970. Moore (1973 These included manipulations for replacement of unwanted smooth brome by native species; continuation of periodic abandonment of old fields to provide a series of tracts of diferent ages; protection of some old fields from unnecessary disturbance to allow natural succession; and contination of the burning program for control and regeneration of certain plant species. Over the years Dr. Donald B.
I. A catalog of the flora of Cedar Creek by
Lawrence has been especially active in control and regeneration manipulation.
5. Problem analysis and preliminary plan for expansion of the fire management unit by Irving (1980) . For many years Dr.
Frank Irving has planned, developed, and supervised the Cedar Creek burning program that not only maintains the oak-savannah habitats but also provides an important data base for future ecological studies. In addition to the above, current aerial pho to prints (from infrared transparencies) of the Cedar Creek area were purch ased in 1981 for use by all investigators at the Cedar Creek Laboratory. During the 1970's, Mr. John Haarstad built a sizable research insect collection which is ho used in special cases at the Laboratory. Former plant collections from Cedar Creek are mostly housed in the herbarium at the University where they have been included in a computer-based collections system managed by Dr. Clifford Wetmore. A smaller collection of plants is housed at the Laboratory for o n-site use by investigato rs. 
Graduate Student Research Stipends
In 1981 the Field Biology Program sponsored a graduate student research program designed for Cedar Creek. Seven awards totaling $2 ,306 were given that year on a competitive basis with the hope that the seed money would help beginning graduate students initiate em-site resea rch programs that could he funded later through other sou rces. The awards covered such e~pcnse items as field equipment, supplies, transportation, food, bur not salaries or assistants. Free dormitory housing was provided the recipients who chose to resicie at Cedar C reek.
An e~panded progra r:t of awards began in 1982. Four gwdume student research awards in amounts of up to $500 each ll'ere :nvarded for a total of $800. Graduate student summer research stipends of $ 1,500 each were awarded three students whose work showed unusual promise. The newly established L TER program at Cedar Creek not only provides opportun ities for participation to prospective students, but also will provide all investigators with detailed information on plant population dynamics, phenology and soils, insect and small mammal su rveys, etc.
The Field Biology Program plans to continue the student programs whenever it can afford to do so. Numbers of recipients likely will vary fr om year to year, as almost certainly wi ll the numbers and types of projects proposed or being ca rried o ut. The awards will be open to all qualified students on a competitive basis. Informatio n concerning these awards may be obtained from the Field Biology Program Office.
Student awards other than those spo nsored by the Field Biology Program are available from time to time. For example, in 1981 , Dr. Donald B. Lawrence solicited proposals and awarded a student stipend for brome field conversions.
Friends Of Cedar Creek
When the Cedar Creek Advisory Committee was established, a Promotion and Fund Raising Subcommittee was also set up to raise funds. However, Marsh all (1968) reported that this subcommittee had not been activated. The subcommittee was dormant during the 1970's as well, mostly because funds were sought from outside granting agencies.
Most of the funding for Cedar Creek was generated by the Radio-Telemetry Program through federal grants to Drs. John Tester and Donald Siniff, with lesser amounts being generated from · federal research grants to Drs. Frank McKinney, Patrice Morrow, Philip Regal, Robert Taylor, and the author. Because of a foreseeable decline in state and federal grants, the Field Biology Program thought it advisable to initiate a "Friends of Cedar Creek" account through the University of Minnesota Foundation. This was set up in December 1980 following a gift of $632.04 from the late Ms. Edna May Carr.
Small donations h ave since accrued to this account. N o funds have been withdrawn to date, and it is hoped that this modest start may be the beginning of a substantial endowment of the future .
Buildings
The Cedar Creek Advisory Committee reached a decision early in the 1970's concern ing the rehabilitation of a num~er of vacated cabins and homes obtained through land acquisition. The Committee voted to dispose of all buildings that required extensive repair.
Nearly all of the dwellings needed new wells and plumbing to meet the health standards set by the University's Department of Environmental Health and Safety. At the time Cedar Creek money was in such short supply that even those buildings believed to have had some marginal value were not salvaged; little by little they were destroyed or removed through contract arrangements supervised by the resident manager, Mr. Alvar Peterson. A few of the old buildings still survive; but two of them, the Corniea Cabin and Skogerboe Home, have been condemned recently by the University. The Norris Cabin near Cedar Bog Lake has been repaired for use as a summer dwelling on ly, though water has to he hauled in from the main laboratory.
Three year-round family homes at Cedar Creek are in good condition and are nearly always occupied . Faculty, staff, and students have priority for their use, but others may occupy them when they are vacant. Rental income goes to the University's Physical Plant Operations and is used for maintenance purposes.
The main building at Cedar Creek, often referred to as the Laboratory, is a 386.22 m 2 year-round facility that was financed,in 1954 largely by a $75,000 grant from the Max C.
Fleischmann Foundation of Nevada. For a number of years it was divided into a large assembly room with kitchenette, four offices, a four-bunk women's dormitory, a ten-bunk men's dormitory, bathroom facilities, and a two-bedroom family apartment that was sometimes used for offices and a conference room. This arrangement had its first significant change in 1978 when the Cedar Creek Advisory Committee voted to move the Radio-Telemetry Program from its old quarters in a 155.92 m 1 shop type building to the Laboratory. Plans had been drawn previously for a seperate RadioTelemetry Program building that would have operated chiefly on solar energy. The State Legislature decided not to fund the special building but instead awarded $42,470 to rehabilitate the old telemetry quarters which had severe cooling and dust problems. However, when the University's Physical Planning Office checked the old facility, it soon concluded that it was not worth the conversion . The Planning Office argued that a better expenditure of state funds would be a remodeling of a section of the more substantial Laboratory.
Although legislative money was available as early as May 1978, telemetry was not moved to its present quarters until the summer of 1979, mostly because of many long discussions concerning the change of plan. The part of the Laboratory eventually occupied was the family apartment and the men's dormitory. Shortly thereafter both men's and women's dormitories were established in the origina l telemetry site following the installation of new exits and fireproof panels, and other modifications required by State policy and codes. The old bui lding still houses a year-round machine shop, anima l preparatior. room, bathroom facilities, and the Cedar Creek weather station.
Two additional buildings were built in the 1970's: in 1976, a 68 m 2 garage that houses a tractor and accom-
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modates woodworking equipment used mostly in summer;
and in 1979, a 223m 2 storage building. Materials for both facilities were purchased from overhead generated at Cedar Creek, and station labor was employed when feasible. Other major expenditures of the 1970's were the installation of underground electrical lines and transformers to the Cedar Creek Laboratory, a Data General Nova 2 computer, and a deep well that feeds a copious supply of water to Professor McKinney's duck enclosures.
A major building program is anticipated for 1983-1984 in order to accommodate increased research activity.
A proposed addi>tion will adjoin the east end of the Laboratory and house much needed wet and dry laboratories, a special soils laboratory, weighing room, plant-insect-vertebrate collections, and several additional offices. A year-round housing unit is also planned. The building project is being funded by a $100,000 subvention from the biological Research Resources Program of NSF, with additional cost sharing funds of $35,000 from the University of Minnesota, and $25,000 from the Minnesota Freshwater Foundation. The target date for completion is February 1984.
Protection Of Cedar Creek
In view of an ever-expanding population flowing northward from the Twin Cities, a high priority must be given to protective policies and measures governing not only Cedar Creek's internal use but its many borders as well. The importance of this crysta llized in the early 1970's when it became apparent that one of severa l proposed international airports abutted Cedar Creek; a rumor at the time was that the undeveloped land (Cedar Creek) would be an ideal dumping ground for unwanted fuel by circling aircraft in an emergency situation. That particular rumor was probably not well founded, but nevertheless it and simi lar suggestions prompted a search for more state and federal protection than was afforded Cedar Creek at the time .
The first move was to was to interest the National Park Service in Cedar Creek. For several years the Service visited and evaluated the area's habitats and management policies. Finally in December 1975 Cedar Creek was designated one of the Nation's important Natural Areas. The following spring a ceremony sponsored by the Park Service took place on Cedar Creek's laboratory grounds with University of Minnesota President C. Peter Magrath as key speaker. Today a bronze plaque commemorating the event greets visitors entering the station's laboratory and calls attention to the importance of the area. Some supporters of Cedar Creek were disappointed to learn that the Park Service designation does not generate federal dollars for the site; however, it must be noted that it does prevent the flow of federal dollars to airport and other projects deemed harmful to the Natural Area.
State protection also was sought via the Department of Natural Resourses' (DNR'S) proposed Scientific and Natural Area program. Nothing has come of this to date--not on ly beca use of long delays in the State's program, but also because there is yet no good plan for placing certain areas under the DNR's protective umbrella while committing others to experimental manipulation. A new scare meanwhile embraces Cedar Creek: A proposed landfill immediately adjacent to Cedar Creek's west side threatens the natural area with
The Minnesota Academy of Science dust and noise pollution, either one of which spells certain disaster for Dr. Frank McKinney's internationally recognized waterfowl behavior studies. The proposal is, fortunately, becoming less popular, mostly through the efforts of Dr. G.
David Tilman and the recognition that Cedar Creek sits on an extremely important underground aquifer that feeds water to the Twin Cities. Activity of this sort once again forces us to seek additional state protection.
Equally serious problems relate to the country roads that dissect the natural area and place the public in close contact with such ecologically fragile areas as Beckman Lake. Recent road modifications have cut dangerously close to the lake's boggy margins of black spruce and other plants rare to southern Minnesota. Considering the area's wildlife, and especially its large deer population, speed limits should be lowered and enforced. Judging by the huge amount of litter strewn along Cedar Creek's roads, a certain disrespect for natural areas by some of our citizens cannot be ignored.
After great debate it was decided that some kind of fencing was necessary to protect some of Cedar Creek's outer flanks, even though the cost seemed prohibitive because of the many miles along the area's southeastern border erected during 1979 and 1980 to discourage trespassing and poaching. No fence was thought to be impenetrable, but it was decided that a low fence comparable to that used by the DNR would help. Deer confinement would not be a problem since they could easily clear such a fence. On the other hand, it seemed likely that snowmobilers, grazing horses, and unmanaged dogs on the hunt would be deterred.
Continuous cognizance of these many problems, and great 
Avian Use of Nest Boxes in Minnesota Farmstead Shelterbelts
RICHARD H. YAHNER* ABSTRACT-A study of nest box use from November through August by birds in Minnesota farmstead shelterbelts was initiated subsequent to a two-year study showing that cavity-dependent species were absent from shelterbelts during winter and spring. The purpose of the study was to determine use of nest boxes by birds in shelterbelts otherwise devoid of cavities for roosting and nesting purposes. Fifteen of 22 boxes (68%) were used as nest sites in spring and summer by house wrens (Troglodytes aedon) and black-capped chickadees (Parus atricapil/us). Neither nested in the shelterbelts before the nest boxes were available. Red-breasted nuthatches (Sitta canadensis) roosted in nest boxes during winter but had not been found in shelterbelts during the previous 2 years. A lack of snags or artificial cavities apparently limits densities and distributions of several cavitydependent species in farmstead shelterbelts. Thus, provision of nest boxes and retention of snags in shelterbelts should be an important management consideration for landowners in intensively-farmed regions of the Midwest.
Abundance and distributio n of cavity-nesting birds arc contingent o n the availabili ty of food and nesting or roosting sites (Brewer, 1963 ; Mueller, 1973 ; Galli et al., 1976) . Farmstead shelterbelts in the M idwest arc man-made habitats consisting of rows of trees and shrubs th at arc designed to protect fa rmsteads fro m inclement weather in winter (Smith and Scholten, !980). Shelterbelts also serve as important avian habitats th roughout the year (Marti n , 1980; Yahncr 198 1, !982a). However , sn;1 gs are virtuall y absent from many farmstead shcltcrbcl ts (Yah ncr , 1983) , and cavity-dependent bi rds may he restricted in their usc of these habitats. During a two-year study (1 978-80) of avifauna in shelterbclts, wintering or breeding species that require cavities were absent (Ya hncr, !lJ82h, !lJ83). The purpose of th is study was to test the effects of nest ho:-;cs o n usc of farmstead shelterbelts by cavity-dependent species during winter and spring of the following yea r.
MATERIALS AND METHODS
The study was co nducted from N ovember 1980 to August 198 1 at the Rosemount A gricultural E:-;periment Statio n, Dakota County, Mi nnesota. Fo ur farmstead shcltcrbclts were selected for study, ranging in date of establishment fro m 1946 to 196 1 and in size fro m 0.3 7 to 0.79 ha. N umber of rows of trees and shrubs per shelterbelt ranged fro m four to nine, wit h widths of 14 to 27m , and lengths of 162 to 498 m (see detai ls in Yahncr, 1982a Yahncr, , 1982b .
Nest boxes were co nstructed of 2.5 em pi ne and were pa inted with oak stain. Inside dimensio ns of boxes were 12.7 X 12.7 X 20.6 em. A n entrance hole, 2.9 em in diameter, was positi oned 15. 2 em above the base; 5 em of wood chi ps and sawdust were placed ·in each box. This bo:-; design was intended to attract three "target" species, including blac k-capped chickadees (Pa m 1 atricapillus), red-breasted nuthatches (Sitta et.mculensts) , and house wrens (Troglod:vtes aeclnn), but to e:-;dude larger species (e.g. , house sparrows, Passer clomestin!S ). The 22 nest bo:-;cs \\·ere spaced 50 m apart alo ng a medial row of trees in each of the fo ur shelterbelts i n earl y N ovember 1980. Each was placed 2 m above the ground, and entrance holes were oriented southeast. 
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From November 1980 to late August 198 1, boxes were inspected every 5 to 10 days for avian use (based on presence of feathers, feces, nesting material, eggs , o r young).
Seven habitat variables measured in the vicin ity of each nest box were: (1 ) basal area , (2) frequency of trees ( :> 7 em di ameter breast height, DBH) within a IS m radius of the box, (3) density (no./m 2 ) of shoulder-h igh contacts of shrubs (woody plants < 7 em DBH) in 2 perpendicular transects, each I min widt h and IS m in length , (4) maximum cano py height (m) in a ISm radius of the box, (5) distance (m) to the nearest cleari ng, defin ed as an area > 3 m in radius and devoid of trees and cano py cover, (6) distance (m) to the nearest boundary of a shelterbelt, and (7) DBH (em) of t he tree to which a box was attached (modified from C o n ner and A dkisson , I Ci77).
RESULTS
Nest box use
In the two breeding seasons (1 978-79) prior to erectio n of nest boxes, blac k-capped chickadees and ho use wrens did not nest in the shelterbelts at the Rosemount Statio n . From mid-May to mid-July I980, o ne black-capped ch ickadee and 20 house wren clutches were produced in 15 (68 percent) of the 22 boxes. One of the 15 boxes was used successfu lly by both species at different times: a pair of black-capped chickadees occupied the box from mid-May to late June, and a pair of ho use wrens used the same box from mid-Jul y to late August. No clutches of either species were found in the remaining seven boxes , but three of these contained partial nests of house wrens (see Bent, 1948) . Abundant avian feces and a dead red-breasted nuthatch were found in two adj acent boxes in the shelterbelt d uring winter 1980-8 1. In additio n, fi ve (22. 7 percent) of the boxes were used as nest sites by Peromysa!S leucopt!S in July and A ugust 1981.
Production of young in nest boxes
One brood of house wrens was fledged in 13 (59 percent) of the 22 boxes , whereas two broods were fledged in two (9 percent) boxes. Eleven (55 percent) of the 20 clutches produced by house
The Minne>o t~ Ac~d e my of Science wrens were initiated in mid-to-late May, three (15 percent) in mid-to-late June, and six (30 percent) in mid-July (hereafter May, June, and July clutches, respectively). July clutches were produced only in boxes that previously contained May clutches, suggesting that perhaps the same pair renested in that box. June clutches were never followed by a subsequent clutch. Ninety-two (81 percent) of the total eggs produced by house wrens resulted in fledged young. Fifty-eight (63 percent) of the 92 successful young came from May clutches, 14 (15 percent) from June clutches, and 20 (22 percent) from July clutches. Mean number of young house wrens fledged per clutch was 4.8 (SO=± 2.7) in May, 4.7 (± 0.6) in June, and 3.3 ( ± 2.6) in July; these means were not significantly different (F = 0. 7; d.f. = 2, 17; P > 0.05). Moreover, an average of 4.2 young house wrens was fledged in each of the 22 boxes during the year, giving a production of 35.9 young per ha (total area = 2.56 ha).
Relationship between habitat and breeding success
TI1ree of seven habitat variables measured in the vicinity of nest boxes varied (P<O.OS; df= 7,15; Wilcoxon two-sample test; Sakal and Rohlf, 1981) between successful boxes (boxes in which at least one brood of either house wrens or black-capped chickadees was fledged, N = 15) and unsuccessful boxes (box in which no broods were fledged, N = 7). Frequency of shoulderhigh contacts of shrubs was less near successful boxes (mean± SO = 0.57 ±0.51 contacts/m 2 ) than near unsuccessful boxes (1.31 ± 1.04 contacts/m 2 ) (Mann-Whitney U = 85). Successful boxes were attached to trees of larger OBH (31.9 ± 16.8 em) compared to unsuccessful boxes (19.9 ± 3.3 em) (U = 81). Further, successful boxes were posit ion~:d at greater distances from nearest l:xmndaries of shelterhelts ( 10.1 ± ~.H m) than were unsuccessful l:x1xes (7. 1± 2.7m) (U = HCJ).
DISCUSSION
A lack of cavities is apparently a major factor determining use of farmstead shelterbelts by small, cavity-dependent avian species, although food availability, shelterbelt dimensions, and other factors also may be important. Family groups of blackcapped chickadees were common in shelterbelts during summer and autumn prior to the present study (Yahner, 1983) , suggesting that food resources were not limiting use of these habitats (see Mueller, 1973) .
House wrens and black-capped chickadees occur in forest edges (Kendeigh, 1942; Johnson, 1947; Brewer, 1963) , but breeding de~sities may be reduced by restricting nesting habitats to very narrow strips (Stauffer and Best, 1980) . However, both species nested in boxes despite the narrow width ( < 27 m) of shelterbelts in this study. House wrens readily occupy a large percentage of available nest boxes in other habitats. For example, Willner et al. (1983) noted that 23 (45 percent) of 51 boxes were used for nesting by house wrens in a Maryland habitat journal of, Volume Forty-nine, No. l, 1983/ 84 characterized by abandoned farmland and woodland. Redbreasted nuthatches occurred in extensive woodlots within 1 km of the Rosemount Station in winters 1978-79 and 1979-80 (personal observation) but were never observed in shelterbelts (Yahner, 1983) . After placement of nest boxes in the shelterbelts, a pair of red-breasted nuthatches was sighted regularly in one shelter belt containing boxes (Yahner, 1982c) .
The current study provides no evidence that house wrens prevented black-capped chickadees from using nest boxes or shelterbelts (see Bent, 1948; Scott et al., 1977) . Perhaps, at least in black-capped chickadees, few birds nested in shelterbelts when boxes were availpble becauo e young birds may select suitable nesting areas in late summer or early autumn; this searching period preceded the November placement of nest boxes (see Adams and Brewer, 1981) . Kendeigh (1942) recognized two nesting periods in house wrens, May-June and July-August , in Ohio. Further, he found that a greater percentage of total nests was constructed during the first period (N = 737, 70 percent) relative to the second period (N = 319, 30 percent) over a 19-year study. No nests of house wrens were initiated in August in the present study, but percentages of nests constructed per period in Kendeigh's (1942) study were identical to those obtained during the May-June period (N= 14, 70 percent) and the July period (N = 6, 30 percent) in this study. An average clutch size of six to seven eggs in house wren nests (presumably constructed in both natural and artificial cavities) in Pennsylvania and New Jersey (Harlow , 1918) was comparable to the average clutch size in may-June nests but not in my July nests.
Long-term nesting studies of house wren productivity have been based on nest box use in a variety of habitats. For instance, McAtee (1 940) found that 84 percent of the total eggs (N = 469) resulted in fledged young in Maryland orchards. Kendeigh (1942) observed that 79 percent of the total eggs (N = 6,773) resulted in fledged young in Ohio deciduous forest edges. Thus, an 81 percent success rate of total eggs in my shelterbelts is similar to productivity of house wrens in other types of habitats. In contrast, Walkinshaw (1941) noted that only 48 percent of the total eggs (N = 333) produced resulted in fledged young in M:chiga n bottom land forests.
Snags are often removed from shelterbelts by landowners (Y ahner, 1983) . Therefore, provision of nest boxes in shelterbelts conceivably could minimize intra-and inter-specific competition for cavities (Erskine and McLaren, 1976; McComb and Noble, 1978) , thereby affecting distribution and abundance of these small cavity-dependent species in the intensively-farmed regions of the Midwest where cavities are scarce (Gallei et al., 1976) . Further, the value of this management practice to birds, such as house wrens, may be enhanced if nest boxes are placed in areas relatively devoid of dense woody stems, are positioned away from the periphery of shelterbelts, and are attached to large diameter trees. Based on my data, nests constructed in boxes at these locations were less susceptible to failure. Perh~ps nest • boxes located in areas of shelterbelts with reduced woody stem density allow house wrens to better detect and deter potential nest predators (e.g., suake, P.leucopus; see Kendeigh, 1942) .
Because predator use of linear habitats is highest at edges (Gates and Gysel, 1978) , possibly nests in boxes positioned within the interior of shelterbelts were less li kely to be encountered by a potential predator than boxes in trees near boundaries of shelterbelts. Greater nesting success in house wrens that used boxes attached to large diameter trees may be related to box: tree dimensions. T otal width of nest boxes in my study was about 25.6 em. Conceivably, boxes of this dimension were less conspicuous to predators when against backgrounds of larger diameter trees ( X = 31.9 em for successful nests) compared to boxes attached to smaller diameter trees (X= 19.9 em for unsuccessful nests). Finally, an additional management recommendation may be to vary heights of nest boxes in shelterbelts. For instance, heights of natural cavities used by nesting black-capped chickadees and house wrens averaged 2.2 and 5.4 m above ground, respectively, in Iowa riparian habitats (Stauffer and Best, 1982) .
Issues in Teaching Science
M.EDIGER* ABSTRACT -Vital issues in the science curriculum include: 1) product versus process goals; 2) inductive versus deductive learning; 3) a psychological versus a logical curriculum; and 4) subject centered versus activity centered units of study. Each student needs to achieve optimally regardless of the position(s\ taken by science teachers on any one of the above namerl issues.
There are diverse issues in the teaching of science. The purpose of this paper is 1) to make comparisons between two equally recommendable methods of teaching 2) to reveal the writer's beliefs that issues need resolving and 3) to recognize divergent philosophies in developing an effective science curriculum.
Product versus Process Goals. Creating worthwhile products can be a desirable goal in education. In this view, achieving an end or objective on the pupil's part is paramount. If products are to be salient in ongoing lessons and units, adequate effort must then be given in the selection of relevant objectives for students to attain. Also, the teacher needs to choose learning activities (means) to attain the objectives and to evaluate if the involved pupil successfully achieved the objective. Evaluation is based solely/largely on pupils' achieving the objectives.
Which end products, then, might learners achieve? 1. acquiring vital iacts, concepts, and generalizations. 2. making science equipment directly relating to an ongoing unit. 3. completing art projects, such as murals, dioramas, friezes, and sketches pertaining to relevant science concepts and generalizations. 4. writing poems, stories, and plays, individually or in committees. 5. making models and objects involving science phenomena.
Somewhat toward the other end of the continuum, some teachers and supervisors advocate process rather than product objectives. Which process goals might be valuable for learners? l. working together cooperatively in a committee endeavor 2. identifying and solving problems in ongoing science units. 3. observing, classifying, and interring science phenomena, responsibly and accurately. 4. taking notes, outlining, and summarizing. 5. reporting subject matter orally and effectively utilizing quality standards. 6. dramatizing relevant events from the lives of famous scientists. 7. reading science content involving proficient comprehension. 8. utilizing a variety of purposes in listening to facts, concepts, and generalizations in the science curriculum. 9. using methods of science to acquire and appraise data. 10. becoming skillful in the use of science equipment within a laboratory setting. Inductive versus Deductive Learning. Inductive methods can be utilized effectively in teaching science (3) . To emphasize induction, the teacher needs to utilize a variety of activities in stimulating pupils to respond effectively to questions raised in ongoing units and lessons. The science teacher does a minimum of lecturing and explaining of subject matter to pupils. Rather than lecturing and explaining content, the teacher guides pupils to make discoveries and find out on their very own. Skilled teachers raise relevant questions so that learners may be guided to achieve viable generalizations. Inductive teaching emphasizes moving from specifics to the general to attain significant broad ideas.
Other science teachers stress deductive means of teaching pupils. Well planned lectures and explanations may then provide major learnings for pupils. Also, learners can obtain subject matter deductively from films, filmstrips and cassettes, single or multiple series science textbooks, tapes, illustrations, and demonstrations performed by the teacher. With deductive means of instruction, subject matter is presented by the science teacher for learners to acquire.
No science teacher, perhaps, uses either a pure inductive or pure deductive method. However, a teacher may lean heavily in the direction of using either method of teaching and learning. In each situation, learnings for pupils need to be meaningful, purposeful, as well as provide for individual differences. Learners individually need to achieve optimally in the science curriculum .
Psychological versus Logical Curricul.um. A psychological curriculum emphasizes pupils' being rather heavily involved in sequencing their own learnings. For example, in an individualized reading program in science, each pupil generally selects which library books to read first, second, third, fourth, and so on. After each book has been completed in reading, pupils with teacher guidance may appraise progress of the former.
Means of appraisal may also be determined by pupils with teacher assistance.
As a further example of a psychologically designed curriculum, a science teacher may develop a set of learning centers. There needs t.J be an adequate number of centers so each pupil might sequentiall y select tasks to complete, as well as to omit. The teacher is a guide and stimulator to encourage pupils to progress sequentially and optimally.
A logical science curriculum is developed with the teacher selecting ordered goals in ascending levels of complexity for learners to attain (4) . The teacher also chooses learning activities to guide each pupil to attain measurable ends. The teacher must evaluate if a learner has been successful in goal attainment. Each pupil that successfully achieves an objective may tackle the next sequential goal. If a pupil does not attain an objective, the teacher might then need to utilize a modified teaching strategy.
The teacher determines sequence for pupils, individually, in arranging objectives, from simple to increasingly more complex. A logical science curriculum is being emphasized in these teaching-learning situations.
Subject Centered versus Activity Centered Curriculum.
Acquisition of vital subject matter can be a salient goal to emphasize in ongoing units and lessons. Understanding objectives then receives considerably more emphasis compared to skills and attitudinal goals. In learning much subject matter, pupils are guided to comprehending well from the utilization of single or multiple series science textbooks, related workbooks and worksheets, general encyclopedias, content centered audiovisual aids, and science encyclopedias, among other reference sources. Pupil achievement from the above-named activities may be evaluated through teacher directed discussions and observation, as well as by use of true-false, multiple choice, essay, matching, and completion items.
A project method presents a different school of thought. Subject matter then is learned only to develop and complete relevant projects. In project methods of instruction, pupils are active, not passive, beings. The learner-with teacher guidance-plans, develops, and evalutes each project. The 22 projects might include making science equipment and models, as well as being involved in art and dramatization activities.
In conclusion, there are diverse issues to be resolved in the science curriculum. How much emphasis then should be placed upon: Rocks and Waters was written radioactive dating was in its infancy. Most American geologists of the time adhered to the idea of the permanence of continents and ocean basins; moving continents were considered a fantasy and the concept of shifting plates was unheard of.
In the wake of the dramatic advances in many areas of earth science it became increasingly clear that Minnesota's geological story needed to be retold in the context of these new discoveries. In Minnesota's Geology, this need has been met admirably, and the publisher has produced a most attractive and well illustrated work.
Because the book is intended for all interested persons, it begins with a briefing on the basics of geology. In order to understand the geology of the state the reader must first know something about rock and mineral nomenclature, the geologic time scale, earth structures, fossils, and other basics, Journal of, Volume Forty-nine, No. I, 1983 / 84 Editor's note: Following are the first two of a series of reviews of books of special interest to Minnesota scientists and science educators. The MAS Journal welcomes the ·submission of reviews of pertinent books or of suggestions for texts to be reviewed.
as well as the relation of Minnesota to the rest of North America and the world. Part I of the book nicely covers this background material.
Part II (chapters 3-7) deals with the geologic history of Minnesota from the Early Precambrian (2500-4500 million years ago) to the Quaternary (2 million years ago to present). Such a review of geologic history with its dates, rock units, periods of orogeny, etc. could well be boring; by placing the facts in a broader context, however, the authors make a potentially dry subject refreshingly readable. They not only tell what is known about the geologic history but also devote considerable time to how we know and thus introduce many geologic concepts not covered in Part 1. Moreover, they continually tie the Minnesota story to the larger story of the evolution of North America and planet Earth.
Part Ill is a summary of the actual and potential mineral and fuel resources of the state. Minnesota is primarily known for its iron ores; these are thoroughly described with the aid of fine maps, cross-sections and photographs. Deposits of nickel, gold, uranium, silver, various non-metallics, peat, oil and other resources are covered as well. And, there are numerous enlightening historical sketches, including one on the oil ventures in Minnesota during the late 1800's.
Part IV, which deals with Regional Geology, will be much appreciated by those whose appetites have been whetted by earlier sections. The authors divide Minnesota into five regions and provide a description of the topography, glacial geology, bedrock geology, and a list of places of interest for each. By going to the 'places of interest' and by following the detailed road logs included with some, the reader can gain a firsthand appreciation of the Minnesota's rocks and history.
No book is perfect, however, and Minnesota's Geology admittedly has a few glitches. Minerals are twice described as com·)ounds, leaving diamond, graphite, gold, silver and others in limbo. The statement that oxygen and silicon make up over 90 percent of the crust by volume will mean nothing to those not familiar with ionic radii; the real point of interest h~re is the fact that bxygen alone makes up over 90 percent of the crust by volume whereas silicon, the second most abundant element on an atomic or weight basis, makes up a scant 0.2 percent by volume.
Although the authors admit that the origin of iron formations is still a subject of debate, their tale of how oxygen might suddenly have pr~cipitated hematite and magnetite is misleading (at least in Minnesota's cases) since on the giant Mesabi range ferrous minerals like siderite and iron silicates, which would not form in the presence of oxygen, are together at least as abundant as the oxides. The statement that the iron formations and iron ores are of three distinct ages (page 127) is dramatic but not true, even according to the authors themselves. They suggest that vulcanism may have played a role in the development of the Middle Precambrian iron formations; however, this is also their model of origin for the Early Precambrian formations. The same applies to the secondary ores; the Fillmore county ores actually were formed in the same way as the Mesabi ores-by residual concentration during weathering.
A number of other minor faults leave the book less polished than it might have been; several figures, for example, may confuse the newcomer because each portrays three geologic systems under a single color code.
In spite of a few rough spots, \owever, this is a well-written book that should serve the amateur and even the professional for as long as its predecessor. When used by a teacher with some appreciation of the subject, the book will make a fine text for a course on the geology of Minnesota.
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SPRINGS OF SCIENTIFIC CREATIVITY: ESSAYS ON THE FOUNDERS OF MODERN SCIENCE.
Edited by R. Aris, H. T. Davis, and R.H. Stuewer. University of Minnesota Press, 1983 342pp.
Reviewed by Dan Gilboe V.A. Medical Center
In agreeing to review Springs of Scientific Creativity I naively thought that I would learn something about creativity and so gain a competitive advantage over other working scientists. Unfortunately, I was disappointed. I learned little about how to be creative and I'm even a little less certain than I was before as to what the term means. What emerges for the most part can be summarized in the words of two contributors: "Creative thinking is a mystery and probably will always be so," and "The search for a method of creativity is destined to fail." The approach used to explore creativity is mindful of the story of the blind men placed around the periphery of an elephant and then are asked to describe the elephant from touch: the lives of a number of historically famous scientists are explored . by various writers, who then attempt to identify the nature and origin of creativity in each.
The biographical sketches and vignettes cover the lives of Galileo, Newton, Joules, Maxwell, Gibbs, Rayleigh, Sperry, Nernst, Einstein, Schrodinger, Polanyi, and von Neumann, leading the reader to suspect that the editors took to heart the patronizing comment of Lord Kelvin, who is reputed to have said that science can be divided into two parts -physics and stamp collecting. Each sketch is written by a different authority, but we are heavily laced with details of the subjects' work. Most provide a quite readable description of the character and roots of each subject as well as the society within which they lived.
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Although this approach carries with it an inherent discontinuity, it is preferable to others that have been applied (eg., the study of Einstein's brain in the hopes that an anatomical explanation could be found for his genius, and attempts to develop inventory scores to be used to evaluate and predict individual creativity.) This book is a far more honest attempt to evaluate creativity and creative thinking.
By far the most interesting and longest essay is about James Maxwell, whose electromagnetic theory of light helped to make him one of the giants of modern theoretical physics. Other essays, unfortunately, make more sparing use of biographical material. The writing, while generally good, is uneven, and some sections give the reader the sense that he is reading a speech, not an essay. As a consequence, the organization of the essays is sometimes confusing. The chapter on Galileo --the first in the book --is poorly organized. In defense of this contributor (Thomas Settle), there was much less biographical material available than in the case of later subjects.
If, then, as Springs of Scientific Creativity elucidates, we cannot be sure of what creativity is, what conclusions can be derived from the examination of these lives? First, it is true that many of the creative geniuses had special abilities not given to us all. For example, the idea that geometry and Latin were good "training for the minds" was apparently unnecessary for Einstein, who was able to prove the Pythagorean theorem before the age of twelve without the benefit of first studying geometry.
Were then special inherited abilities the key to their eventual success? To an extent, perhaps, but no more so then their splendid educations.
One feels however, that as im!X>rtant to their success was their environment, including their associations.
One wonders if Einstein, Joule, or the others would have achieved the creative success in today's world. Could they --or would they -have written the requisite grant proposal which must state clearly, succinctly, and most of all logically the pur-!X>se of the proposal? The chances are that they would not. Then too, they may have rebelled against the need to outline the future of the project. After all they were not in the business of "future predictions." No, these people --our forebearers --are those who in the words of contributor Thomas Hughes must be in an "environment in which restless souls ... would be ex-!X>sed to never ending change encouraged in their belief that from chaos an order of their own design might be imposed ... . " This is the !X>werful message which this book conveys. In a world where the noticm of science administrators is "that an environment can be designed to eliminate risks, the failures, the unpredictableness and the elusiveness of creativity," we may be making a great mistake. Institutional Science which can balance the financial books may encourage efforts to learn about creativity, but at the same time also stifle creativity itself.
This book is also beneficial in that it gives a human aspect to science. The lay public and many professionals often view science as a body of facts and principles to be tested and retested by a large, amorphous, anonymous horde. Publication of books such as that by Broad and Wade {Betrayers of the Truth: Fraud and Deceits in the Halls of Science; Simon and Schuster, 1982) , which details the behavior of certain contemporary "investigators" caught in their conniving ways for the advancement of their own careers, also tweaks our sensitivities. Springs of Scientific Creativity is a refreshing antithesis. Great scientists are !X>rtrayed not as paragons of virtue, singleminded in their efforts to advance science, but as real people, foibles and all, with extraordinary gifts. This is a highly readable book once past the details of individual accomplishments with which most readers will be unfamiliar. Much new food for thought will trickle out of the Springs of Sd.entific Creativity. 
